This article reports our experience in the reimplementing of the bibliography program BIBT E X, associated with the L A T E X word processor. First, we present the new features of our new version-called MlBIBT E X-in comparison with "old" BIBT E X and justify them. By the way, we show that tools for reeingineering data-that is, bibliography files-are necessary. Then, from a point of view more related to language description, we explain why we had to formalise the precise grammar of the formalism used by BIBT E X, how we took advantage of this approach, and how we reimplemented the final program.
Introduction
Nowadays, the T E X [22] and L A T E X [23] word processors are widely used within the academical community, and some companies also use them. Reading this paper does not require any knowledge of T E X or L A T E X, but we recall some points in order to make our purpose precise. T E X and L A T E X (built out of T E X) are not WYSIWYG 2 . First, users type a source file, then L A T E X-or T E X 3 -processes this source file and produces an output file that can be displayed on a screen or printed on a laser printer. The bibliographical references cited in an article typeset with L A T E X can be denoted by an identifier, e.g.:
\cite{moorcock1971}
-from a syntactic point of view, L A T E X commands begin with "\" and braces are used to surround arguments-and when BIBT E X [28] , the bibliography program 1 E-mail: hufflen@lifc.univ-fcomte.fr 2 "What You See Is What You Get." This expression is for interactive word processors, such as Microsoft Word. 3 T E X provides a powerful framework to format texts nicely, To be fit for use, the definitions of this framework need to be organised in a format. Such a format is L A T E X. When T E X is cited as a word processor, that is a language abuse for the "plain T E X" format. Hufflen associated with L A T E X, is used to build the "References" section of the article, it uses bibliography files containing entries, e.g.: and generates a file containing items cited throughout the article. When L A T E X runs again, this generated file is processed as part of the whole article, and references will look like:
[1] Michael Moorcock. "The Sleeping Sorceress." New English Library, September 1971. Retitled "The Vanishing Tower" in 1977.
Here and in the bibliography of this article, the references are labelled with numbers. Other choices are possible, with respect to bibliography styles 4 used by BIBT E X.
Our reimplementation of BIBT E X aims to put multilingual features into action. L A T E X's recent versions ease writing texts in non-English languages, including languages using a non-Latin alphabet (Greek, Russian, . . . ). This is done by means of packages 5 , which increase L A T E X's expressive power by additional functions. More precisely, "actual" multiliguism has been reached by the babel package [7] , in the sense that this package processes all the languages it knows without giving any privilege to a particular one. Besides, users can mix several languages within the same document. Let us come back to BIBT E X: it is certain that BIBT E X's present version does not provide as many multilingual features as L A T E X's, even if the insertion of some slight multilingual features has been put into action [13, § 13.8.2 & 13.9] .
Given these considerations, we started a new implementation in October 2000, so-called MlBIBT E X (for "Multilingual BIBT E X"). The first version, technically documented in [16] , is available now. It has already been introduced in [18] informally and in [17] more formally. In the article which follows, we report this experience of reimplementation by focusing on:
• the reasons of our choices-in comparison with others-in Section 1;
• the need for a precise description of the formalism used by MlBIBT E X's entries in Section 2;
• the choice of a programming language for the reimplementation, and the approach we adopted, in Section 3.
Our conclusion discusses the present state and future of our work. 4 As an example, the bibliography style used for this article is entcs.bst. 5 This notion has appeared in the recent version L A T E X 2 ε [23].
Multilinguism and BIBT E X

General features
As unfamiliar readers can guess by looking at the example of a BIBT E X entry given in the introduction (cf. § 0), braces are used as delimiters of values of the fields of an entry. They can also be used to surround special characters. For example:
{The {S}tephen {K}ing Companion} tells BIBT E X that "S" and "K" will always have to be upper-case, whereas:
{The Final Programme} will appear as "The Final Programme" if this field is to be capitalised as the title of a book, or "The final programme" if not. On the contrary, if this field is entered as:
{The final programme} the words "final" and "programme" will never be capitalised. As well as this, BIBT E X knows abbreviations for month names 6 : jan, feb, . . . When the "References" section is built, they can be replaced by L A T E X commands-\bbljan, \bblfeb, . . . -which may be expanded in a particular language (the default language being English), depending on users' wishes. In fact, some bibliography styles usable by BIBT E X allow several abbreviations and keywords-for example, "No." or "and"-to be translated into another language than English 7 , but these multilingual features are limited to a finite number of expressions. There are also bibliography styles devoted to some particular languages-some are available on the sites of the CTAN 8 -but from our point of view, they are not really multilingual.
What are multilingual bibliographies?
Before we show the multilingual extensions provided by MlBIBT E X, we go thoroughly into the possible requirements for multilingual bibliographies. That is, we show that the intuitive notion of "multilingual bibliography" has to be formalised precisely. In fact, there are two approaches for multilingual bibliographies.
• According to the first approach, the information related to a reference should be expressed using the language of the corresponding document. For example, the month of issue should be "March" for a reference about a document written in English, "mars" for a reference about a document written in French, "März" for a reference about a document written in German, . . . Roughly speaking, the values to be put into the fields of BIBT E X entries can be copied slavishly from what is printed on the document. From a "philosophical" point of view, this convention proceeds from the idea that a reference is wholly suitable only for people reading the language this referred document is written in. In MlBIBT E X, this approach is called reference-dependent.
• Given a printed work, the second approach consists of using its language for the information of all its bibliographical references, as far as possible. So, in comparison with the example illustrating the first approach, all the months of issue should be expressed in English if the work is written in English. In the same way, they should be expressed in French (resp. German) if the work is written in French (resp. German). However, if this approach is systematic, some information fields other than dates should be superseded by a translated form. For example, let us consider the entry given in the introduction concerning a science-fiction book. This reference can be formatted as it is within a bibliography in English, but within a bibliography in French, the value of the NOTE field should be replaced by a note more suitable for French-speaking people, e.g.:
Titre de la traduction française : « La sorcière dormante ».
In MlBIBT E X, this approach is called document-dependent 9 .
From our point of view, the choice between these two approaches does not have to be made by the designer of a bibliography program like BIBT E X. This choice proceeds from personal considerations, or requirements from an editor or a publisher. That is why we think that a multilingual bibliography program should be able to put both these two approaches into action. To do this, we consider the following terminology:
• the entry's language is the language in which the entry is written,
• the reference's language is given:
· either by the entry's language if each item of the bibliography should be expressed in its own language (reference-dependent approach), · or by the language in which the whole document is written if this language is to be used for the whole of the bibliography (document-dependent approach). This language may be the language of a chapter, if a book is composed of several chapters possibly written in different languages, and if each chapter has its own "References" section.
This convention about the reference's language allows MlBIBT E X to put both reference-dependent and document-dependent approaches for multilingual bibliographies into action.
Discussion
Now we introduce our multilingual extensions. As mentioned below, they induce some slight loss of compatibility. So, in order to show that our approach is reason-able, we expose it in comparison with other choices that might have been made. The reference-dependent approach can be put into action without any change within the values of the fields of entries, just by adding a new field, LANGUAGE 10 , whose default value is english. The document-dependent approach can be put into action by the oxford package [4] , in the sense that this package allows users to choose a language globally for a bibliography. The choice among several texts, depending on the language used, might be implemented using the \iflanguage command originating from the babel package, this \iflanguage command being put within field values: This will work only if the corresponding reference belongs to the bibliography of a document using the babel package with at least the French and German languages. Besides, babel is not the only way to write in these languages: there are also ad hoc packages french [12] and german [30] . So, this "do-it-yourself" solution induces an actual drawback if bibliography files are shared out among several people, which is often the case. Another solution might consist of fields whose names are suffixed by a language name, e.g.:
NOTE-english = {Retitled "The Vanishing Tower" in 1977}, NOTE-french = {Titre de la traduction française : ...}, NOTE-german = {Titel der deutschen Übersetzung: ...}, ...
First, the notion of "language name" must be made precise; as abovementioned, there can exist several ways to write L A T E X documents in a particular language 11 . Second, how can we specify what to do if the reference is to be written in a language other than those mentioned? In the example above, the value of the NOTE field can be replaced by an empty string without great loss of information, but let us consider a proper name whose spelling depends on the language because this name is transliterated from a language using a non-Latin alphabet:
AUTHOR-russian = {Äìèòðèé Äìèòðèåâè÷ Øîñòàêîâè÷}, AUTHOR-english = {Dmitri Dmitrievich Shostakovich}, AUTHOR-french = {Dmitri Dmitrievitch Chostakovitch}, AUTHOR-german = {Dmitrij Dmitrijevitsch Schostakowitsch}, ...
In such a case, we obviously need a default value, and we have to know the language that is to be used to process this default value. In fact, we have to define two syntaxes, depending on the need for default values or not.
As to another point, we can have to switch to another language in order to express conformity with other typographical conventions, in particular concerning the correct hyphenation of foreign words. A subset of the value of a BIBT E X field may be composed of foreign words w.r.t. the language of the entry, e.g.: AUTHOR = {George Beahm}, TITLE = {Tout sur Stephen King}, NOTE = {Traduit de l'américain par Christophe Corthouts}, ...
So we think that if is preferable for annotations related to languages to be put inside field values, and this by using delimiters that hardly ever occur as "usual" characters within most field values. We chose square brackets-"[" and "]"-for this use 12 . A language change is specified by "[...] : idf" where "idf" is a non-ambiguous prefix of:
• either a multilingual package of L A T E X (french, german, . . . )
• or an option of the babel package (french, frenchb, german, ngerman, . . . ) This choice of a non-ambiguous prefix allows a language identifier to get access to several ways to process a language 13 . For example: If the current language of the corresponding reference is French, the title will be specified in a way equivalent to:
Tout sur \foreignlanguage{english}{Stephen King} "\foreignlanguage" being a babel command for language changes concerning a few words. This holds if the babel package is loaded for the document and includes at least the english option. If this option is not loaded, a warning message is emitted by MlBIBT E X and the corresponding sequence of words might be processed improperly. In other words, it is preferable for the english option to be loaded, but end-users do not have to do this. Other adaptations are available when the French language is processed by an ad hoc package. Roughly speaking, our annotations concerning languages are taken into account as far as possible, but they are not an additional constraint for end-users.
Language switches without default are devoted to details that can be given in 12 In "traditional" typography, square brackets are used to enclose editorial interpretations, corrections, explanations, . . . [8, § 5.128-5.132 ]. 13 For example, a language identifier set to french works with all the ways given in Footnote 11. a particular language, but can be omitted if no translation is available. They are denoted by:
(1) where string 0 , string 1 , . . . , string n (n ∈ N) are strings of characters, and idf 0 , idf 1 , . . . , idf n are pairwise-different language identifiers. If there exists i (0 ≤ i ≤ n) such that the reference's language is equal 14 to idf i , Expression (1) yields string i . Otherwise, Expression (1) is replaced by an empty string.
Let us consider the "new look" of the entry given in the introduction: According to a reference-dependent approach, the corresponding reference will look like: whatever the document's language is. To give some examples, here are references produced according to a document-dependent approach:
• for a document in French: [1] Michael Moorcock. "The Sleeping Sorceress." New English Library, septembre 1971. Titre de la traduction française : « La sorcière dormante ».
• for a document in Russian (notice the month name in Russian and the empty note):
[1] Michael Moorcock. "The Sleeping Sorceress." New English Library, ñåí-òÿáðü 1971. There is another kind of language switches, so-called with default. They are devoted to information that must be put, possibly in another language than the reference's, and are denoted by:
Hufflen where n, string 0 , string 1 , . . . , string n , idf 0 , idf 1 , . . . , idf n have the same meaning as in Expression (1).
• If there exists i (0 ≤ i ≤ n) such that the reference's language is equal to idf i , Expression (2) yields string i -that is, a switch with "*" behaves exactly like a switch with "!" in this case-;
• else if there exists i (0 ≤ i ≤ n) such that idf i is equal to the value of the LANGUAGE field, Expression (2) yields string i ;
• otherwise, users are warned, and Expression (2) This name will appear according to its French (resp. German) form within a French-like (resp. German-like) reference, and the English form will be used otherwise. On another point, putting annotations inside field values allows users to write common parts once. With suffixed names for fields, we would have written:
ADDRESS-english = {Erlangen, Germany}, ADDRESS-french = {Erlangen, Allemagne}, ADDRESS-german = {Erlangen, Deutschland}
Our convention emphasizes the common and language-dependent parts:
[Allemagne] * french [Deutschland] * german}
Reengineering Data
As abovementioned, we could have added additional fields but we preferred to enrich the grammar. But MlBIBT E X is not 100%-compatible with "old" BIBT E X: square brackets have syntactic meaning in MlBIBT E X, not in "old" BIBT E X, where they can be freely used within field values. As we mentioned above, using "actual" square brackets within field values in BIBT E X 15 should hardly ever happen; on the other hand, there is a huge number of bibliography files and some syntax change might cause some errors for some users. So we decided to develop tools to ease reegineering bibliography (.bib) files.
check-mlbibtex-syntax This program can be viewed as an extension of some tools described in [5] , especially bibcheck 16 . If users do not use such tools, 15 There is a "trick" to do this in MlBIBT E X: cf. [17] . 16 http://www.math.utah.edu/~beebe/software/bibcheck/bibcheck.html.
Hufflen
they are warned about a syntax error within an entry only "dynamically", that is, when this entry is cited in a L A T E X file. This program checks the syntax of bibliography files usable with MlBIBT E X; it also checks that the value of MONTH fields are expressed by BIBT E X abbreviations of month names. So this tool can be used for other purpose than reeingineering. bibtex-to-mlbibtex This tool converts bibliography files for "old" BIBT E X into bibliography files for MlBIBT E X: in particular, it deals with square brackets and avoids incorrect use of these characters. In addition, whenever month names are not abbreviated, it tries to guess the BIBT E X abbreviation and asks the end-user for confirmation.
These tools are interactive, implemented using GNU 17 Emacs Lisp, and based on our parser of MlBIBT E X, built with bison. From a technical point of view, all these tools are described in [20] , the end of their implementation being planned for the summer of 2002.
More generally, we are aware that many tools are based on BIBT E X 18 . We think that the precise knowledge of our syntactic conventions would ease adaptations of these tools to the new MlBIBT E X's syntax, if developers of these tools would like to do that.
Describing the language of field values
Why a formal study?
As far as we know, there is no "official" description of the grammar used in bibliography (.bib) files, containing entries like moorcock1971, given in the introduction. Instructions for writing entries are given in BIBT E X's documentation [28] or as part of L A T E X manuals [23, 13] , but there does not exist a precise and formal description of this grammar, except an "unofficial" one at the Web page http:// www.cwi.nl/~mdejonge/grammar-base/bibtex.0/ and another used in [5] .
We had to study if these new conventions did not cause conflicts. For example, our multilingual specification must coexist with the specification of capitalisation, so the following expressions:
should be equivalent, that is, processed in the same way by MlBIBT E X.
Likewise, we had to specify how the switches are processed if some language identifiers appear more than once. In this case, we decided that a second occurrence of a language identifier opens another switch. For example: • "Collection of 20 short stories" in English;
• "Recueil de 20 nouvelles. Titre de la traduction française : . . . " in French;
• "Collection of 20 short stories. Titel der deutschen Übersetzung: . . . " in German.
The first switch ends at the first occurrence of "french" since the next language identifer opens a new one. So the default value-"Collection of 20 short stories"-is used for the first switch.
These conventions have been formalised by means of rewrite rules: an example is given at Figure 1 .
Concerning the implementation, we adopted a reverse engineering approach in the sense that we deduced BIBT E X's grammar from the program. In fact, the scanner and parser of BIBT E X have not been generated by a tool compiling a formal grammar. In addition, lexical and syntactic analyses were tightly nested within this program (it should be recalled that the first version appeared in the 1980's). Besides, we learned the precise status of each ASCII-character about the lexical analysis, which is of interest for us if we would like to extend the grammar again, in order to be able to process characters of non-Latin alphabets. Now the grammar used by MlBIBT E X's parser is given by a LALR(1)-grammar 19 , processed by bison, the GNU tool equivalent to yacc [24] . MlBIBT E X's scanner-including for field values-is specified by LL(1) rules. All these grammar rules are given in [17] . In addition, we profited by comparing our work with the grammars of the bibclean tool [5] .
Language identifiers
When MlBIBT E X is installed, the notion of a non-ambiguous prefix of a language name is implemented by a dictionary of all the multilingual packages that are ad hoc, and all the options of the babel package. This dictionary is organised as an automaton recognising non-ambiguous prefixes.
. . . Figure 1 . Examples of rewrite rules to specify switches.
How to reimplement BIBT E X?
Choosing a programming language
In order to be able to master a program in constant progress, we chose to develop MlBIBT E X from scratch, even if we confess that we often consulted the source files of current BIBT E X to get as much experience as possible, according to our approach of reverse engineering. Concerning our reimplementation, we finally decided to write it using the C programming language [21] . We now explain why. Now it is admitted that efficiency is not the only quality for a program; readability and ease of maintenance are qualities, too. However, we confess that we have been influenced when T E X itself has been reimplemented as a new system N T S 20 , 100%-compatible with T E X [33] . N T S uses object-oriented technology and has been programmed using Java, the reasons for these choices being given 20 New Typesetting System. in [38] . But as the N T S team reports it [36] , this new program is over 100 times slower than T E X. So, we have been very surprised by this gap between T E X and N T S. On the one hand, T E X and BIBT E X are monolithic programs and are difficult to extend (especially T E X 21 ). On the other hand, we wanted to be credible about performance, we wanted our prototype to be comparable with "old" BIBT E X. So, we chose C because it is efficient and widely available on many systems. In addition, this choice allows us to get access to many development tools, especially GNU tools, such as bison, as mentioned in Section 2. In addition, importing C programs is often possible in other languages 22 . But since C is not really a modular programming language, we have emphasised a precise terminology to name variables and functions. This terminology aims to provide a modular decomposition extracted from our study of the source files and documentation of "old" BIBT E X, according to our reverse engineering approach. The effect of the main functions of MlBIBT E X has been specified using a formalism based on pre-and post-conditions. Here is a skeleton of our format:
type-name function-name ( arguments ) { /* • Constraints or additional hypotheses on arguments.
• Relation between the function's arguments and result.
• Specification of side effects.
• Name of the equivalent function in "old" BIBT E X, if the behaviour is exactly the same. */ ... }
Our Strategy
We think that our proposals are ergonomic, user-friendly, and do not require great change when end-users udpate their files, but we do not have actual feedback. So our goal is to be fully able to perform some experiments. . . and other experiments. We adopted a step-by-step approach, and it is important that we are able to change our conventions, if other syntactic features appear to be preferable. This is an additional argument for a formal description of our grammar.
Conclusion
As mentioned throughout this article, our reimplementation of BIBT E X meets the reengineering activity, as its features are defined in [35, Chapter 34] and [26] : 21 This was pointed out when T E X was adapted into pdfT E X in order to produce .pdf files [34] , according to the Portable Document Format from Adobe. See also [14] for a survey of the current state of T E X and its successors. 22 We use this feature for our tools described in § 1.4.
• reverse engineering (see also [2] ) in order to develop a new program from renewed design;
• reengineering data, in order to update old data and avoid inertia, which is wellknown about "legacy systems".
There is some criticism about BIBT E X, because it is thought that this tool reached certain limitations [5, § 2] . There are proposals in order to replace it [31] : Tib [3] , ConT E Xt Publication Module [15] , but they do not provide multilingual features. There exists an adaption of BIBT E X in the sense that the look of bibliography files is close to BIBT E X's: the CAMEL citator [6] , but it does not have multilingual features, either 23 . Besides, a new version of BIBT E X (1.0) has also been planned by its author [29] , but it has not yet come out.
As far as we know, MlBIBT E X is the first full rewriting of BIBT E X: developing it was a real challenge for us. In addition, we personally missed this kind of multilingual tool quite often. In future versions, we plan to extend the language used in bibliography styles [27] , and the first step will be the formal specification of this language, which has not been done yet. We also plan a future version based on Unicode [37] , which allows MlBIBT E X to be able to deal with all the world's languages. We also gave a definition of a multilingual bibliography within the framework of XML 24 -so this definition does not need to be compatible with previous programs-and used XSL 24 to derive MlBIBT E X files [19] .
However, we think that we have adopted a rational approach and hope that our product should be adaptable. We expect it to be among the most adaptable programs of the "L A T E X legacy" [32] .
